
RESEARCH MEMORANDUM 

EFFECTS O F  SPAN-WISE LOCATION OF SWEEP DISCONTINUITY ON TEE 

LOW -SPEED L0NGTI"UDLiAL ST'ABIUTY CJ5ARBC~R;iSTICS OF A 

FOR AERONAUTICS 
WASHINGTON 
January 20, 1955 

CON FI DENTlAt 



NATIONAL ADVISORY COMMITTEE FOR PmONA-UTICS 

RESEARCH MEMORANDUM 

EFFZTS OF SPANWISE LOCATION OF S m P  D I S C O N T m  ON THE 

LOW-SPEEB LONGITUDIXAL STABILITY CIWWXERISTICS OF A 

By Paul G. FourpLer 

An investigation was made of the low-speed static longitudinal sta- 
b i l i ty   charac te r i s t ics  of a complete model bvi-ng a ser ies  of M- or 
W-wings. These M- o r  W- wings were obtained  through  modification  of a 
basic 45O swept wing and had several  spawise  locations of sweep discon- 
t inui ty .  All w i n g s  were of aspect  ratio 6 a d  taper   ra t io  0.6. 

The results  indicate that all the M- or W-wings provided improved 
ta i l -of f   h igh- l i f t   longi tEdid  stability Characteristics as compared 
with  those of the  basic swept wing. In general,  the "wings  seem t o  pro- 

ettack (loo t o  20°) than any of the W-wings except,  gerhaps,  the W-wing 
having the sweep disconkinuity at the midsemispan location. Movi,ng the 
locatiol? of the sweep discontinuity  inboard had l i t t l e  effect  on the 
s tabi l i ty   character is t ics  of the "wings, but the high-lift s t a b i l i t y  
chwacter is t ics  of the W-wings improved as the  spans  of  the  sweptforward 
panels  were  increased. 

* vide more desirable  stabili-Ly  characteristics  at Yie moderate angles of 

=T 

With a horizontal t a i l  mounted on the wil?g chord  plane  extended, it 
appeared that  ecceptable  longitu3inal  stability  cha-racteristics  could 
be obtained wi-Lh either M- or W-wing configurations.  Location  of  the t a i l  
et a  hefght  of  about 21 percent of the wing sedspan  above the wing chord 
plane  appeared  unclesirable for all plan forms investigated. 

For t l e  conditions of these tests, the drag due t o  lift of the "wings 
was s l igh t ly  lower then tiit of the  basic swept wing; whereas the W-wings 
provicied no consistent change i n  drag due t o  l i f t  8s campared w i t h  the 
basic wing. 
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IT~TR03UCTION . 
Results of previous  investigations,  for  exanple,  references 1 and 2, 

have shown tha t  improvements in   i i igh- l i f t  pitching-moment ckissacteristics 
over  those  provided by swept wings can be obtained  with wings of  composite 
sweep; tha t  is, w i n g s  =de ap  of  combinations of sweptback and sweptfor- 
ward panels. In addition,  interest   in wings w i t h  corngosite sweep has 
arisen from some structural  advantages  inasnuch as, for  the M- or W-wings, 
the  overall   effects of bending  and tors ion  defomtions  tend  to  oppose 
each ot'ner; and therefore by adjusting the r a t io  of torsional t o  bending 
s t i f fness ,   for  a given  location of  sweep discontinuity it should be pos- 
sible to  obtain  desirable  characteristics  with  regard  to twist under load. 
(See ref. 3. ) However, as i l lus t ra ted  i n  reference 4, the  divergence 
speed fo r  a given r a t io  of tors ional   s t izfness   to  bending s t i f fness  is 
c r i t i c a l l y  dependent upon the  location or" the sweep discontinuity and, as 
would be expected,  indicates that it is desirable  to keep the sweptforward 
panel of the wing relat ively small. T h a t  is, higher  divergence  speeds for  
"wings are obtained by using  break  locations P-ear the  fwelage, whereas 
for W-wings break  loce,tions  near  the w i n g  t ips   a re  more f5vorable. Ic the 
past,  ewerimental  investigations of  composite (14 and W )  wings have been 
l b i t e d   t o  w i q s  having  the sweep discontinuity  at  the  midsenispn  loca- 
t ion.  A major  purpose of this investigation  therefore is  t o  determine 
how far inbozsd, i n   t i e  case of  t'ne  14-wings, end how Tar outboard, i n  the 
case  of tine W-wings, the  break  location  can be rived  while s t i l l  main- 
taining  favorable pitching-mament characteristics. The "wings tested 4 

had break  locations a t  30-, 40-, or  50-2erceat  smispm, and the W-wings 
had the breaks at 50-, 60-, or  70-percent semispan. Also included i n  this 
investigation is a coxparison of t'ne longi tudind  s tabi l i ty   character is t ics  
a t  two t a i l  neights: one (referred t o  as the low ta i l )  located on the 
wing chord  plane  extended, md the  other  (referred  to as the  high ta i l )  
located 20.03 percent wing semispm above the wing chord plax extended. 

I 

The h t a  presented i n  this paper were obtaiced from tests i n   t h e  
Langley 300 MPH 7- by 10-foot tunnel of a complete-Eodel  COl.lfigWatiOn 
having w i n g s  of M and W plan form  and  of a model having a basic 45O swept- 
back wing. All wings had aspect  ratio 6, taper   ra t io  0 .60b NACA 65A009 
airfoi l   sect ion  paral le l   to   the  plane of s m t r y ,  and 245 panel sweep 
of the  qumter-chord  lines. 

COXFFICIZNTS AND SYKBOLS 

The s t ab i l i t y  system  of  axes  used for  the  presentation of the data 
and the  positive  direction of forces,  mments, and angles are sho-wn i n  
figzre 1. All moments are  referred  to  the  quarter-chord  point of the 
wing roean ae rodyndc  chord. 

. 
* 
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aspect  ratio 
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wing span, f t  

drag coefficient, CD = -Cx 

drag due t o  l i f t ,  SD = CD - 
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l i f t  coefficient, - Lift 
ss 

wing lift-curve  slope,  per deg 

gitcSling-moment coefficient, Pitc-hing molrent 
@E 

increment i n  pitching-mment  coefficient  ceused by the 
horizontal t a i l  

longitudinel-force  coefficieDt, Longitudinal  force 
ss 

xi-ng mea aeroaynanic chord, -+t 

hor izontd- ta i l  mean aerodynamic chord, f t  

divneter of fuselage,  inches 

angle of incidence of horizontal tail w i t h  respect t o  
fuselage  center  line, deg 

length of body of revolution  (fuselage),  in. 

t a i l  length frm E to G 

free-stream dynamic pressure, d, lb/sq f t  2 

radi.5 of body of revolution 

wing area, sq f t  
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1.' free-stream  velocity,  ft/sec 

X longitudinal  coordinate of body  of revolution 

X 
- 

chorewise  distance from leading edge  of root  chord t o  
- (positive  rearward of leading  eQe),  inches E 
4' 

Y lateral   ordinate,  f t  

P l a te ra l   loca t ion  of sweep discontinuity,  percent 2 2 

a angle of attack, deg 

E effective downwash -le at tai l ,  deg 

sweep of the qwter-chord.  l ine,  deg 

P mass density of air, slugs/cu f t  

Notation of configurations: 

A basic sweptback w i n g  

M and W wirq+s of cmposite sweep (rrsed w i t h  subscript 30, 40, 50, 
60, or 70 in&icating spanwise location of sweep discon- 
t inzi ty   in   percent   b/2)  

T.O. horizontal tail off 

MODEL AND APPARATiJS 

For the present  investigation, a ser ies  of seven wing plan forms 
were tes ted  in   cmbinat ion wi th  a fuselage and tail.  The wings had an 
aspect  ratio of 6, a taper   ra t io  of 0.60, an NACA 65AOOg a i r fo i l   sec t ion  
p a r d l e l   t o   t h e  plane of symmetry, and ik5' sweep of the qurter-chord 
l ine .  Included were a swepthck wing (basic wing, Ac/k=k5'), three 
"wings,  and three W-wings . The t:hree "wings had their sweep discon- 
t inui t ies   located a t  30-percent, LO-percent, or  50-percent semisgan,  and 
t'ne three W-wings had sweep discont inui t ies   a t  >O-percent, 60-percent, 
or  70-percent senispsn snd herein are designated as M30, Mho, MSO, w60, 
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and "10- wicss,  respectively. The hor izonta l   t a i l  had an aspect r a t i o  of 
4, a aDer r a t i o  of 0.60, 45O sweepback of  the quctrter-chord l ine,  and 

fuselage had e. fineness  ratio of 10.86, which was obtained by cutting  off 
a  portion of the  rear of a fineness-ratio-12 body of revolution - the 
ordinates of  which are presented in   t ab l e  I. The fuselage w a s  constructed 
of wood md the wings were constracted of wood bonded t o  steel   reinforcing 
spars. A three-view drawing of the model with a representative wing is 
shown i1.1 figure 2. A photograph of a typical complete-model corfiguration 
on the support   strut  is presented in figure 3. 

z m NACA 65~006 a i r f o i l  sect ion  perel le l  t o  the  plane of symnetry. The 

A l l  the wiws t e s t e d   i n  this investigetion were in  e midwing position 
and were mounted so that the qaarter chord  of the w i n g  man aerodynamic 
chord,  about  which all mments and forces were taken, w a s  located a t  the 
sene  point on the fuselage  for dl the w5c-s. Details of these wing plan 
forms are  presented in   f i gu re  4. The model was cocstructed so t ha t  tests 
could be made with the  horizontal t a i l   a t  two t a i l  heights. The high tat1 
wes  loceted 20.83-percent w i n g  senispen above the wing chord p lme  extended 
and the low t a i l  was  on the wing chord  ?lane  extended. All tests  involving 
the wing-fuselage  col.lfiguration were mde with the  ver t ical  tail on. 

The model was mounted  on a single  support  strut which w s s  i n   t u rn  
fastened t o  the n;eck?anical balance systen! of the Langley 300 MPH 7- by 
10-f  oot tunnel. 

TESTS AND CORWCTIONS 

All t e s t s  were made at  a dynamic pressure of  45.22  pounds per  square 
foot, which f o r  average test conditions  corresponds t o  a Mach n-mber  of 
about 0 .l-7 and a Reynolds nrnriber  of 1.27 x 106 based 00 the Wing mean 
aerodynaxLo chord of 1.02 feet .  

The angle-of-attack  range w a s  from approxinately -bo t o  32'. The 
angle of attack,  longitudinal  force  (-drag), an6 horizontal-tail-on 
pitchips mmeEt have been corrected f o r  jet-boundary  effects, computed 
on the  basis of unswept-wi-ng theory by the method of reference 5 .  Refer- 
ence 6 shms that the effect  of sweep on these correctiolls is mall. The 
aynemic pressure and drag  coefficient have beer- corrected f o r  blocking 
caused by the  nodel and its wake by the mthod of reference 7. 

Vertical buoyancy on the support strut ,   tunnel air-flow mfsalinement, 
end longitudinal  pressure  gradient 'nave been  accounted f o r  i n  the compu- 
ta t ion  of the t e s t  data. These data hzve not  been  corrected  for  the  tares 
caused by tire model support  strut; however, t a re  tests of similar camplete- 
lrodel configurations have sham a  correction t o  longitudinal  force 

. 

.. 
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coefficient of about 0.009 a t  zero l i f t  and a correction  to  pitching- 
nment  coefflcient  that  was small end independent of angle of attack ug 
t o  the higher  angles. 

No corrections  for the effects of aeroelasticity have been applied 
t o  the data presented  herefn; however, some roirgh calculations were made 
t o  determine the magnitude o f  these effects  for  the  basic sweptbsck wing. 
The results indicated  that  aeroelssticity  probably  caused  about a b-gercent 
reduction i n  C b  and a forward  displacemnt of the la--lift aerodynamic 
center o f  aboat 3 percent of the mean aerodynamic chord. The corresponding 
effects   for  the M- and W-wings would be exgected t o  be smaller. 

RESL'XTS AND DISCUSSION 

PresentatfQn of Results 

The resuts of the present  investigation  are  presented in   t he  fo l -  
lowing figures : 

Figure 
Easic data . . . . . . . . . . . . . . . . . . . . . . . . . .  5 t o  12 
Effect  of  bre&  location on C, . . . . . . . . . . . . . . . .  1.3 
Effect of break location on drag due $b l i f t  . . . . . . . . .  14 
s m y  plots  . . . . . . . . . . . . . . . . . . . . . . . .  1-5 t o  17 

Pitching-Mament Chrac ter i s t ics  c 

The pitching-moment characteristics  included  in the basic data 
(figs.  5 to 1 2 )  represent a center-of-gravity  location at the O.25c' loca- 
t ion.  The s t a t i c  margin therefore varied w i t h  wing plan form and with 
t a i l  configuration. In order t o  prov2.de colqpazisom of pitchip!-moment 
curves under fairly  realist ic  conditions,   the data 'have beer, recompxted 
w i t h  respect t o  a center-of-gravity  location  such that a s t a t i c  margin 
of 0.lOE is obtained  for all configurations at zero l i f t .  

Horizontal-tail-off  configurations.- Comparison of the  horizontal- 
tail-off  configurations  (fig. l3(a)) shows that a l l  the M- and W-wings 
provided improved pitching-moment c Jkac te r i s t i c s  as compared with those 
of the  basic sweptback wing a t  moderate l i f t  coefficient and  angles of 
attack. For the W-wings, as the  span of the sweptforward  panel was 
decreased by moving the break location  outboard of p = 50 t o  p = 70 
the pitching-moment characteristics becane progressively  poorer and 
agproached those of the sweDtback (A) w i n g .  With the "wings, however, 
decreasing  the  span of the sweptforward panel by  moving the break lcca- 
t ion  inboard of yjc = 50 t o  yjc = 30 'had l i t t l e   e f f e c t  on the pitching- 
moment characteristics and in  general  the "wings provided more desirable Y 

. .  
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R pitching-moment chezacteristics  than  the W-wlngs, with the  possible excep- 
t i on  of the W 5 0 - w i n g .  Although the  pitching-nonent  characteristics of the 

Ws0-wing might not  be 86 desirable structurdly as sone of the ”wings. 
As shown i n  reference 4, the  break  locetion  (location of sweep reversal)  
is c r i t i c d  with  regard t o  divergence  speed and fo r  a given r a t i o  of 
tors ional   to  bending s t i f fness ,  it is shown that higher  divergence  speeds 
can be obtained by keeping the sweptforward  penel of the wing relatively 
s m a l l .  Tie 1-wings therefore show prontse of met ing  this structural 
requirement fo r  high divergence  speed  without any &verse  efTect on the 
pitching-noment characteristics. 

L W50-w”ng are E3rrost as favorable as those  of any of  the &wings ,  the 

It should be remmbered, however, tha t   for  the low-speed investiga- 
tion  reported  herein, the wings tested ere, fo r  all practicel  purposes, 
r lg id  w i n g s  and the  resul$s shown !night be aspreciably  different i f  eero- 
e las t ic   e f fec ts  were considered.  Refereace 3 has also shown that the 
r a t i o  of torsional  st iff’ness  to bending stiffEess has m appreciable 
effect on the s-lreaawtse twist due t o  eerodynamic loading of -& and 
W-wi-ngs . 

Complete-model configurations.- In generel the effects  of spmwise 
varis.tion  in  breek  locetion  for the coqlete-&el  configurations are 
similar t o  those  noted f o r  the  tail-off  configurations  for  both t a i l  
heights  Lnvestigated  (figs. l3(b) and 13(c)>.  For the high-horizontal- 

vided improved pitching-moment characterist ics as congared with those of 
the  besic sweptback -%ring but s t i l l  showed a loss in   horfzontal- ta i l  

tions  havlng the horizontal. tdl located ebove the wing chord plane). 
Lowering the horizontal tell t o  the w i n g  chord plane extended improved 
the pitching-moment characteristics of all configurations  investigated 
(fig.  13(c)) and provided a stable pltching-mment curve for   several  of 
the  configurations. With the low horizontel tdl, the W-wings provided 
a mre  near ly  line= variation of pitching-Eomnt  coefficient w i t h  angle 
of att&ck  than  either the M or  swept wings. 

- teil configuration  (rig. 13(b)), all the composite-plan-fon! wings pro- 

. effectiveness at moderate angles of attack  (characterist ic of configura- 

Drag Due t o  Lift 

Conparison  of the dreg due t o  l i f t ,  hcD, for  the vmious wings may 
be made from the results  presented  in figure 14. Since drag tares were 
not  evaluated i n  this investigation, it i s  considered  that  the use of 
dreg due t o  lift provided a more reJiable basis f o r  evalueting  performaxe 
characterist ics of these wings then could be obtained from lift-drw ra t ios  
or  fron  the  total-drag  polars. The results indicate that, fo r  the present 
test conditions, either the “wings or  the W-wings provided  essenti- 
the same drag due t o  lift below about 0.5 l i f t  coefficient. A t  higher lift 

* 
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coefficients the "wings consisten-Lly  provided lower drag due t o  l i f t  
than the basic swept w i n g ;  hcwever, the W-wings appeared t o  provide no 
consistent lmgroveaent o r  Cetrhental   effect   re la t ive  to   the  basic  w i n g .  

Aerodynamic Parmeters a t  Zero L i f t  

The lift-curve  slopes  for the various  horizontal-tail-off  configu- 
rations  (fig.  15) shoved that both the M- and k"wir!!s had slightly  higher 
lift-curve  slopes than the basic sweptback w i n g .  Increasing the span  of 
the sweptforward  panel  increased the lift-curve  slope  for either the 
M- or  the W-wings, with the greatest   effect  being  nated  for the "wings. 
These resu l t s  are i n  fair agreement w i t h  wing-alone calculations (ref. 8) 
and wing-fuselage  calculations  (obtained by the  basic  nethod of ref. 9 
together with ref. 8 to   accomt   for  the effects  of  composite wing plan 
form). 

The effect  of break  location on the aerodynamic center with horizontal 
ta i l  off is presented in   f igure 16 along with calculated  results  for w i n g  
alone (ref. 8), wing-fuselage  (basic znethod of ref .  9 together with ref .  8), 
and wing alone plus fuselage  alone  (refs. 8 and LO). The location  of the 
aerodynamic center  indicated by the wing-fuselage  calculations  (refs. 8 
and 9 )  is i n  good agreement w i t h  the experinental   tai l-off  results  for t he  
W-wings; but,   for the sweptback and "wings, the agreement is not  quite so 
good, although the trend w i t h  break location  appears  to be i n  good agree- 
ment. The wing-fuselage calculations were found, as would be expected, t o  
give a better  prediction of the aerodynamic-center location  than the w i n g -  
done  calculations (ref. 8). . 

A brief description of the nethod used i n  reference 9 to   calculate  
l i f t  curves and aerodynamic centers  for wing-fuselage combinations m y  
serve to  explain sme of the  differences between measured and calculated 
values. In general, the method  -used i n  reference 9 is t o  estimate the 
load  distribution 021 the fuselege and external w i n g  by theoretical  methods; 
whereas fo r  the wing carry-through  section  (that  part  of  the w i n g  enclosed 
within the fuselage) a semiempirical method is used. It should be pointed 
oat that the contribution of the wing carry-through  section to  the l i f t  
and moment and the factor K (which takes in to  account the effect of w i n g  
upwash on the  loading on tine forward par t  of the fuselage)  presented i n  
reference 9 were determined fo r  unswept or sweptback w i n g s .  In calculating 
the l i f t  and marrent of the fuselage, the factor K of reference 9 had t o  
be fnterpolated  for  the sweptforward portion of the "wings and t h i s  may 
account for some of the  descrepancy  indicated in   f igure  16. The factor K 
f o r  the W-wings was obtained  directly fram  reference 9, since  the sweptback 
portion of these w i n g s  was thought t o  have the greatest effect  on the 
upwash of the forward  portion of the fuselage. The contribution of the 
external wing w a s  determined by the method of reference 8. Also i n  deter- 
mini% the aerodynamic center of the w i n g  carry-through  section, it w i l l  . 
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c 
be noted in   f igure  4(b) of reference 9 that the aerodynamic center  for 
the wing carry-through  section was aft of the aerodynamic center of the 

center i s  assuned t o  agply t o  e i ther  M- or #-wings; therefore, this incre- 
mental s h i f t   i n  aeroaynamic center was added to   the  locat ion of the aero- 
dyna3l?ic center of the root  chord or" the various  cmposite plan f o r m  as 
determined from reference 8. 

L root chord of the sweptback wing consrdered. TkLs shift i n  aer0dynad-c 

The  downwash p a r a e t e r  of figure 17 w a s  computed ,by the use  of the 
equation, 

using only  the  linear  portion of the pitching-mo?nent curves at low angles 
of attack. The variation of ( f ig .  17) shows thet f o r  the bxtgh-tail 
configuration  tiiere were rather   snal l   effects  of the glan-form variations 
considered.  For the low-tail  configurations, however, soEe of the "wings 
provided imreased dawnwash over t'mt of the  basic w i n g ;  whereas the 
W-wings generdly  decreased  the downwash s l ight ly .  

Posslble  Configurations of Airplanes with M- znd W - W i n g s  - - 
Aaong the  factors t:h% govern the configuration of an  airplane are 

the  requirenents f o r  good s t ab i l i t y ,  good perTormacce, and compatibility 

dea l t   p r imr i ly  with stabil i ty  consideretions,  and it has been shown that 
the M and W plan forms prob3.de sane  advmtsges  over other w i n g s  i n  this 
respect. 

s of the  design w i t h  the intended  function of  the  airplane. T h i s  paper has 

The f ac t  t'nat the M and W plan forms provide  regions a t  three span- 
w5se locatiors  (rather  than o&y oze for  swept and Celts w i n g s  ) whe- re the 
air flow is  relatively  synmetrical is  cmsidered   to  be an hpor tan t   fea-  
ture w i t h  regard  to performance capabili t ies and compatibilfty or" the 
a i r c ra f t  w i t h  i ts  function. These regions of  symmetrical flow (the wing 
ganel   juc tures )  may permit distribution of the power plants and paylosd 
both  longitudinally end l a t e r a l l y   i n  a more effective m ! e r  than is pos- 
s ib le  w i t h  other wings. Bodies a t  the  panel  junctures  allow more degth 
f o r  structure a t  these  cri t ical   regions and properly shaped  bodies may 
allev5ate  otherwise  poor flow com3itions.  Loc&tior, of power p lao t s   i n  
necelles a t  these  junctures may e l s o  fac i l i t a te   the  design of boun6ary- 
layer  control systems by blaring o r  suction. Same possible  configurstions . are   i l lus t ra ted   in   f igure  18. 

The a b i l i t y   t o  distribute volme  longitudinally is a  useful  feature .. i n  &signing  for a low drag r i se   a t   t ransonic  speeds i n   t h a t  it f a c i l i t a t e s  
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the achievment of a desirable  area  distribution, as indicated by the &rea- 
rule concept (ref. 11). This feature  should compensate, i n   p a r t  a t  least, 
for  the  fact  that a given sweep angle provides a somewhat smaller transonic 
drag reduction when applied t o  M- and W-wings than to swept w i n g s  (ref. 2) .  

" 

L 

The division of fuselage volume among three bodies  located a t  the wing 
panel  junctures may provide  soae Etdvantages i n  the placement  of  engines and 
f u e l   i n  a IoaZlIzer t o  provide a mininun of aerodymmic interference. Same of 
the arrangements shown in  f igure 18 aay also 5e  beneficial   in connection 
with  the release of bombs o r  missiles at  high speed. 

CONCLUSIONS 

k low-speed wind-tunnel  investXgs.tion of a cmplete model configura- 
t i on  having M- and W-wings w i t h  varying  location of the sweep disconti- 
nuity  indicated the following  conclusions: 

1. All of the M- and W-wings provided improved ta i l -off   h igh-l i f t  
longi tudinal   s tsbi l i ty   character is t ics  as compared with that of the basic 
sweptback w i n g .  In  general, the K-wings  seem t o  provide more desirable 
s tab i l i ty   charac te r i s t ics  a t  the noderate  angles of s t tack  (loo to 20') 
than  any  of the W-wings with the possible  exception of the W - w i n g  having 
the sweep discontinuity  at  the midsemispan location. Moving the location 
of the sweep discontinuity  inboard had l i t t l e   e f f e c t  on the   s tab i l i ty  
characterist ics of the "wings, but the Ugh-l i f t   s tabi l i ty   character is-  
tics of the W-wings -roved as the spapa of the sweptforward  panels were 
increased. . 

2. With a horizontal t a i l  mounted  on the wing chord  plane  extended, 
the W-wings orovided a more nearly  linear  variation of pitching  ament 
w i t h  angle OP attack  than the El-wings, although it appeared that accept- 
able  longitudinal  stabil i ty  characterist ics could be obtained with e i ther  
the M- or X-wing configurations.  Location of the tail a t  a height of 
about 21 percent of the wing semispan above the w i n g  chord  plane  appeared 
undesirable  for a l l  plan f o r m .  

3. For the conC5tions  of these tests, the drag due t o  l i f t  of the 
"wings was s l igh t ly  lower t i i  that of the basic swept wing; wheress the 
W-wings provided no consistent change i n  drag due t o  l i f t  as compared with 
the basic wing. 



1 4. In  general, t'ne c l s e c t e r i s t i c s   a t  l o w  l i f t  coefficients  could 
be predicted w i t h  resonable  accuracy by =ems of a d l z b l e  theory. 

Langley Aeronautical  Laboratory, 
National Advisory Cormittee for  Aeromutics, 

Langley Field, Va., November 8, 1954. 
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Figure 2.- General arrangement of t e s t  model with typical "wing. 
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Figure 5.- Effect of horizontal-tall incidence and height on aerodynamic 
cheracteristics of model with a 45' swept wing. 
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Figure 6 
chaxa 

1.- E f e c t  of horizontal-tail incidence and height on 
cteristics of model with "wing having = 30 perce - aerodynamic 

!nt b/2. 
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.@re 7.- IXfect of horizontal-tail  incidence end height on aerodynamic 
characterist ics of the model with "wing having ylc = 40 gercent b/2. 
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Figure 7.- Concluded. 
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Figure 8.- E r e c t  of horizontal-tail  incidence and height on aerodynamic 
characterist ics of nodel with M-wing having y+ = 50 percent b/2. 
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Figure 9.- Effect of horizontal-tail  incidence and height on aero 
characteristics of model with W-wing having y* = 50 percent b 
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Figure 10.- Effect of h o r i z o n t a l - t ~ l  incidence and height on e r o d y n d c  
charccterist ics of nodel wi th  W-wing having yW = 60 gercent b/2. 
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Figure 11.- Zffect of horizon%al-tail  incidence and height on aerodynamic 
characterist ics of model with W-wing heving = 70 percent b/2. 
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Figure 13.- Longitudinal stability clmrecteristics of t e s t  mdel with 
vssious wings. Static margin adjusted  to 0.10E. 
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(a) Concluded. ( T a i l  off. ) 

Figure 13.- Continued. 
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Figme 13 .- Continued. - 
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Figure 13 .- Continued. 
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Figure 13.- Concluded. 
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Figure 14.- D r a g  due to lift of model with various wings.  Horizontal. 
t a i l  off. 
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Figure 15.- Effect of break location on the  Uft-curve slope. CL = 0. 
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Figure 16.- Effect of break  location on aerodynamic-center location. 
CL = 0. 
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Figure 17.- Effect of break location on downwash parameter. a, = 0.  
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Figure 18. - Possible conf igwations . - 
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